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The Special Sensor Microwave Water Vapor Sounder (SSM/T-2) is onboard the
Defense Meteorological Satellite Program (DMSP) F-I sateri jte and consists of five
channels: three located along the 183 GHz water vapor absorption line, one on the wing of
this line at 150 GHz, and a 91 GHz window channel. Also onboard this satellite is the
Special Sensor Microwave/Imager (SSM/I) which hus seven channels - 19, 37, and 8.5 GHz
vertical and horizontal polarizations, and 22 GHz vertical polarization. Estimation of
surface emissivities at 91 and 150 GHz is a key component in the SSM/T-2 water vapor
profile retrieval algorithm. This study relates 91 and 150 GHz emissivity values, retrieved
from a radiative transfer model using collocated SSM/T-2 brightness temperature
measurements and radiosonde-measured atmospheric profiles, to SSM/T-2 and SSNI/I

* brightness temperature measurements. Results suggest the possible use of SSM/I
Sbrightness temperature measurements for estimation of surface emissivities at 91 and 150

GHz.

DTIS QUALITY INSPECTED 5

4I SSM/I, SSM/T-2, Emissivity, Microwave .-c c,

17 ECURITY CLASSIFIC.ATION 18. SECURITY CLASSIFICATION 19, SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT
17 ;Uq•CA'FCTN 1.EU•Y•$•A• [ $¢RTYL•$Ft• i2.:MTTNF.TATOF REPORT OF THIS PAGE OF ABSTRACT

UNCLAS SIF IED UNCLAS SIFIED UNCLAS SIFIED SAR

NSN 7540.01 280.5500 .... Standard Form 298 (Rev. 2-89)
PP~cnbed tri ANS I St.Z



PL-TR-94-2200

RPAqnbed Im the prWM vokme of SEVENTH CONFERENCE ON SATBJ.FTE

SMETEOROLOGY AND OCEANOGRAPHY. Am. 11.0, 1994. Moebr,. CA

Poshod by the Amneftn Maimmioral Soawty. ostmo. MA
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Gerald W. Felde

Geophysics Directorate, Phillips Laboratory
Hanscom Air Force Base, Massachusetts

1 . INTRODUCTION data set of collocated SSM/T-2 TB and
radiosonde moisture and temperature profile

Global water vapor profile measurements measurements were used to retrieve surface
ma'a are necessary input data for numerical weather emissivities at 91 and 150 GHz (Felde and

': and climate prediction models. The Special Pickle, 1994). Emissivities were calculated by
Sensor Microwave Water Vapor Sounder inputting the measured profiles into a radiative
(SSM/T-2), designed to measure water vapor transfer model (Eyre and Woolf, 1988) (assumed

, profiles, is onboard the Defense Meteorological surface air and skin temperatures were equal)
Satellite Program (DMSP) F-11 satellite and and iterating over the possible range of
consists of five channels: three located along the emissivity values (i.e., 0 to 1) until the model
183 GHz water vapor absorption line, one on the output TB equaled the measured SSM/T-2 TB.
wing of this line at 150 GHz, and a 91 GHz They found the mean 91 GHz emissivity value to
window channel. In general, there is significant be 0.61 for water surfaces, 0.78 for coastal
sensitivity to the surface of the earth only for surfaces (mixture of land and water in the
brightness temperature (TB) measurements at SSM/T-2's footprint), 0.92 for land surfaces,
the two lower SSM/T-2 frequencies. Estimation and 0.86 for all three surface types combined.
of surface emissivities at 91 and 150 GHz is a Mean 150 GHz emissivity values followed a
key component in the SSM/T-2 water vapor similar pattern for the different surface types
profile retrieval algorithm. (See Falcone et al., but were slightly smaller.
1992 for more details.)

This study relates surface emissivity values.. 3. EMISSIVITIES AND SSM/T-2 TB'S
at 91 and 150 GHz, retrieved from a radiative
transfer model using collocated SSM/T-2 TB The retrieved 91 and 150 GHz emissivities
measurements and radiosonde-measured discussed above were compared to the
atmospheric profiles, to SSM/T-2 and SSM/I corresponding 91 and 150 GHz TB's in a linear
(Special Sensor Microwave/Imager) TB correlation analysis. Correlation coefficient (r)
measurements. There is an SSM/I instrument values are given in Table 1 for three surface
on the same satellite as the SSM/T-2. The categories - coast, land, all (coast and land cases
SSM/I, designed to measure various surface and combined) and three water vapor categories
atmospheric parameters, has seven channels - defined using total precipitable water (TPW)
19, 37, and 85 GHz vertical and horizontal values calculated from the radiosonde profiles.
polarizations (19V&H, 37V&H, 85V&H), and 22 The TPW category of 0 - 75 kg/iM includes all
GHz vertical polarization (22V) (Hollinger et al., cases in this data set, while the other two TPW
1987). The possible use of SSM/I and SSM/T- categories each excludes a different range of the
2 TB measurements for estimation of 91 and more moist atmospheric cases. Only 21 water
150 GHz emissivities is examined, surface cases were available in this data set and

thus were not included in the analysis.
2. SURFACE EMISSIVITIES The r values given in Table 1 for 91 GHz

emissivity vs. 91 GHz TB increase in each of the
The cloud-free cases from the SSM/T-2 three surface categories as one considers just

Calibration study (Falcone et al., 1992) global the drier atmospheric cases (i.e., range of TPW
decreases). This is also true for the other

Corresponding author address. Gerald W. Felde, emissivity and TB comparisons. Thus, there is a
Phillips Laboratory/GPAS, 29 Randolph Rd, detrimental influence of larger amounts of water
Hanscom AFB, MA 01731-3010. vapor on the strength of the linear relationship
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Table 1. Correlation coefficients (r) for emissivity vs. TB at 91 and 150 GHz
for three TPW categories. (* p > .10; 0 .01 < p < .05; p < .01 for all other r values.)

TPW kzi/m) -- 0-75 0400020
Surface Coast Land All Coast I Land All Coast I Land I AU

9] GIIs E iiyt vs. TEI
TB: 91 .31 .76 .64 .54 .82 .79 .67 .87 .85

150 .02" .75 .0 ..79 . 29 .84 .70Mean TPW 1123.9 19.1 20.7 156 17.1- 16.7 1110.5 11.3 1.

Cases 11241 488 729 8 460 A543 135 299 2434152 Giss•iivit, vs. T
TB: 909 .28 .26 45 42 .53 .67 79 .81

150 - ThW.1.45 .40 .10 L-Mean TPW 23.4 L84-. 5. 87 1. 10.5 11I.3- 11.0
cases 235 42 4 28 135 1294 429

between emissivities and TB's at 91 and 150 surface categories of coast, land, and all.
GHz. Maximum TPW values for each surface category

For a given emissivity and TB pair and are also given and indicate relatively dry
TPW category, the r value for the land category atmospheric profiles. Correlation coefficients for
is generally larger than for the coast category. the cases from the original data set having
Coastal surfaces (i.e., mixture of water and land) approximately the same TP•J range as the
have smaller emissivities than land surfaces. A subset (TPW S: 25 kg/m ) are given in
lower emissivity means less upward emission parentheses for comparative purposes.
from the surface and also more reflection In general, r values for a given set of
(reflectance = I - emissivity) of downwelling emissivity, TB, and surface category are larger
atmospheric radiation back upward. Thus, there for the subset compared to the original data set.
is a weaker linear relationship between TB and Better correlation results for the subset are
surface emissivity for lower emissivity surfaces. probably due to the greater range and variability

Correlation coefficients were also calculated of surface and atmospheric conditions for the
for emissivities at 91 and 150 GHz vs. TB for larger data set. Even though TPW values are
each of the three 183 GHz channels for the same approximately the same for the two data sets,
surface and TPW categories shown in Table 1. the variability of the vertical distribution of
The computed r values for the "all" surface temperature and water vapor is larger for
category for each of the three TPW categories
were less than 0.5 with the majority Table 2. Correlation coefficients (r) for
being less than 0.25. This indicates a weak emissivity vs. TB at 91 and 150 GHz for a small
relationship if any at these frequencies which and large data set with similar TPW values. (p
makes sense because in general the three 183 < .01 for all r values.)
GHz channels have little or no sensitivity to the
earth's surface since they all have weighting Surface Coast Land All
functions that peak above the surface.

A small subset of the data set used in the Max TPIW 19(25) 32(25) 32(25)
above analysis was extracted and augmented (k-/m
with SSM/I TB data. This subset consists of
six land (Fort Nelson - Canada; Caribou, Dodge 91 GHs Emi7ivitv vs. TB
City, North Little Rock, Monett, and Midland - TB: 91 .7 .90.85) .95(.85)
U.S.) and six coastal (Long Kesh and Aughton - T e170{ 14 t9 14M35BM J1 5 1,4)
U.K.; Gagetown - Canada; Wallops Island,
Buffalo, and Portland, ME - U.S.) radiosonde 150 TU4 EmiSiit W. IM
station locations. The correlation coefficients TB: 91 .89(.67) .8(.*4 .90(.73
for emissivities vs. TB's at 91 and 150 GHz for 150 .T8(.391 91.831.1 .781.831
this subset of data is given in Table 2 for 4/. cesm 17(fl. 4 141l48J 31i4L
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the main data set. However, the two data sets two frequencies, 91 and 150 GHz, and TB's at
follow the same pattern of the 91 GHz TB's all the microwave channels listed. All r values
having a stronger linear association (larger r are 0.85 and greater, except those for 85V and
values) with emissivities at 91 and 150 GHz than 150 GHz TB's (and also for 85H TB vs. 150 GHz
that for the 150 GHz TB's. This occurs because emissivity for the land category). The reason for
there is more surface information in TB's at the weaker correlations for 85V TB's is not obvious.
91 GHz window channel than at the 150 GHz The 85V channel is the SSM/I channel most
channel which is on the wing of the 183 GHz sensitive to clouds (Hollinger et al., 1991) and
water vapor absorption line. thus it appears that cloudiness was present

within some of the microwave footprints closest
4. EMISSIVITIES AND SSM/I TB'S to a given radiosonde station. The radiosonde-

measured atmospheric profiles having all levels
Correlation results between 91 and 150 GHz unsaturated (relative humidity < 95%) were

emissivities and TB's for each of the seven assumed to indicate cloud-free conditions. But
channels of the SSM/I, and also TB's for the 91 the existence of some clouds is possible for
and 150 GHz channels of the SSM/T-2, for the relative humidity < 95%. Also, even if it is
data subset described above are presented in cloud-free along the path traveled by a
Table 3. The SSM/I data have finer spatial radiosonde, this does not guarantee clear
resolution than the SSM/T-2 data and so conditions over the large spatial area covered by
spatially averaged SSM/I TB's over the the microwave footprint closest to the
SSM/T-2 footprints were used in this analysis. radiosonde station.
The r values indicate a strong positive linear A plot of 91 GHz emissivities vs. collocated
relationship between emissivity at each of the 19V TB's for the "all" surface category is given

in Fig. 1. The linear regression line is included in
Table 3. Correlation coefficients (r) for 91 and the plot. A similar plot of 150 GHz emissivities
150 GHz emissivities vs. SSM/I and SSM/T-2 vs. 19V TB's is given in Fig. 2. The land surface
TB's. (p < .01 for all r values.) category cases generally have higher emissivity

and TB values than the coastal surface category

Surface Coast Land All cases in both plots. More scatter about the
I regression line is evident at 150 GHz than at 91

Mean T]'W 12.6 22.9 17.2 GHz.
(ka/m )
A .7L.. .cases 5. CONCLUSIONS

91 GHs Emisuivity vs. TB Results indicate a strong positive linear

TB: 19V .97 .90 .98 relationship (r- 0.85) between both 91 and 150

19H .97 .92 .98 GHz emissivities and TB's for each of the seven

22V .97 .86 .97 SSM/I channels (except for the 85V channel)

37V .98 .87 .97 and also for the 91 GHz SSM/T-2 channel for
37H .96 .92 .97 both coastal and land surfaces for a small data
85V .69 .80 .82 set containing cloud-free and dry atmospheric
85H .96 .88 .97 cases (TPW values < -30 kg/mr ). However,
91 .92 .90 .95 results from a larger and more diverse cloud-free
150... . Z fi1.27 .7 data set of 91 and 150 GHz TB's and

150 GHs Emissivity vs. TB emissivities show the degrading effect of larger
amounts of water vapor on the strength of the 0

TB: 19V .91 .87 .92 linear relationship between emissivity and TB's
19H .91 .87 .91 at 91 and 150 GHz. It is expected that larger
22V .90 .85 .91 amounts of water vapor would also degrade the
37V .91 .86 .92 relationship between SSM/I TB's and 91 and
37H .90 .89 .91 150 GHz emissivities but to a much lesser extent
85V .70 .75 .79 at the lower frequency channels (19 and 37 GHz,
851 .89 8 09 but not 22 GHz because there is a weak water .. s91 .89 .86 .90
150 .8 .8 .79 vapor resonance line at this frequency) which

3r
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1.0have greater atmospheric transmiesivity (in theabsence of precipitation or thick clouds)

c •L compared to 85, 91, and 150 GHz. A sufficient
N .9 C amount of the surface component might be

c C present at 19 and/or 37 0Hz to allow for a
S"C useful relationship between SSM/I TB's and 91

S.8 and 150 GHz emissivities under some types of
cloudy conditions. This study demonstrates the

c.7 potential of using SSM/I TB's to estimate
surface emissivities at 91 and 150 GHz which is

".6 a key element in the SSM/T-2 water vapor
r.1 . 6 profile retrieval algorithm. Additional study is

required to confirm this potential.

.5 180 200 220 240 26. P 80 300 Acknowledgments. The author thanks
Mean 19V TB [KJ Michael Griffin for reviewing a draft of this

paper.
Fig 1 Scatter diagram of 91 GHz
emissivities vs. spatial mean 19V TB's over REFERENCES
the 91 GHz footprint for all cases (L = land,
C = coast). [Regression line equation: e(91) Eyre, J., and H. Woolf, 1988: Transmittance of
= .0033 x TB(19V) + .0071 (r =.98, n = atmospheric gases in the microwave region: a
31).] fast model. J. AppL. Optics, 27,

1.0 3244-3249.
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emissivities vs. spatial mean 19V TB's over Hollinger, J., R. Lo, G. Poe, R. Savage, and J.
the 150 GHz footprint for all cases (L = Peirce, 1987: Special Sensor
land, C = coast). [Regression line equation: Microwave/Imager User's Guide. Naval
e(150) = .0029 x TB(19V) + .1072 (r = Research Laboratory, Washington, DC, 120
.92, n = 31)] pp.
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